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Pharmaceutical compositions comprising a 11 -beta 
hydroxysteroid dehydrogenase inhibitor and a diuretic 
agent 

Walker, Brian Robert; Seckl, 
The University of Edinburgh, 
PCT Int. Appl., 90 pp. 
CODEN: PIXXD2 
Patent 
English 
1 


Jonathan Robert 
UK 


PATENT 

NO. 



KIND 

DATE 
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AB The authors provide a composition comprising a first agent which is an 
antagonist of lip- hydroxysteroid dehydrogenase type 1 
(lip-HSDl) , together with a second agent comprising a diuretic. The 
second agent may comprise a mol . which is capable of modulating an 
interaction between the first agent and llp-HSD2 . Such a composition may 
be used for improving cognitive ability of an individual, specifically 
verbal fluency or verbal memory or logical memory (or any combination 
thereof) , or for treatment of Mild Cognitive Impairment (MCI) . 

REFERENCE COUNT: 7 THERE ARE 7 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 


L4 ANSWER 2 OF 
ACCESSION NUMBER 
DOCUMENT NUMBER: 
TITLE : 


SOURCE : 


8 CAPLUS COPYRIGHT 2005 ACS on STN 
2003:262481 CAPLUS 
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Is lip-hydroxysteroid dehydrogenase type 1 a 
therapeutic target? Effects of carbenoxolone in lean 
and obese Zucker rats 

Livingstone, Dawn E. W.; Walker, Brian R. 
Endocrinology Unit, Department of Medical Sciences, 
Western General Hospital, University of Edinburgh, 
Edinburgh, UK 

Journal of Pharmacology and Experimental Therapeutics 
(2003), 305(1), 167-172 
CODEN: JPETAB; ISSN: 0022-3565 

American Society for Pharmacology and Experimental 
Therapeutics 
Journal 
English 

In liver and adipose tissue, llp-hydroxysteroid dehydrogenase type 1 
(llp-HSDl) regenerates glucocorticoids from inactive 11-keto 
metabolites. Pharmacol, inhibition or transgenic disruption of 
lip-HSDl attenuates glucocorticoid action and increases insulin 


AUTHOR (S) 
CORPORATE 


SOURCE 


PUBLISHER: 

DOCUMENT TYPE 
LANGUAGE : 
AB 


sensitivity. Increased adipose lip-HSDl may also contribute to the 

metabolic complications of obesity. Here, we examine the 

effects of inhibition of llp-HSDs with carbenoxolone in obese 

insulin-resistant Zucker rats, a strain in which tissue-specific 

dysregulation of llp-HSDl (increased in adipose, decreased in liver) 

mirrors changes in human obesity. Six-week-old male rats were 

treated orally with carbenoxolone (50 mg/kg/day) or water (1 mL/kg/day) 

for 3 wk. Carbenoxolone inhibited llp-HSDl activity in liver 

(25±3 vs. 52±2% conversion in lean; 18±3 vs. 35±3% in obese; p 

< 0 01) but not in adipose tissue or skeletal muscle. Carbenoxolone had 

no effect on weight gain or food intake, did not affect plasma glucose during 

an oral glucose tolerance test, and increased the plasma insulin response 

to glucose. However, high-d. lipoprotein cholesterol was increased by 

carbenoxolone in obese animals (1.52+0.24 vs. 1.21±0.26 mM; p < 

0.03). Carbenoxolone did not inhibit hepatic inactivation of 

glucocorticoid by 5P-reductase and had no significant effect on 

plasma corticosterone levels. In conclusion, carbenoxolone provides a 

model for liver-specific inhibition of llp-HSDl, which results in 

improved lipid profile, in Zucker obese rats. Failure to inhibit 

llp-HSDl in adipose tissue and/or skeletal muscle may explain the 

lack of effect on glucose tolerance and obesity. Inhibition of 

adipose lip-HSDl is probably necessary to gain the maximum benefit of an 

llp-HSDl inhibitor. _ 
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DOCUMENT NUMBER: 13 9:173 96 ^ ^ ^ 

r^x^i^E: Effects of the llp-hydroxysteroid dehydrogenase 

inhibitor carbenoxolone on insulin sensitivity in men 

with type 2 diabetes 
AUTHOR(S): Andrews, Robert C; Rooyackers, Olav; Walker, Brian R. 

CORPORATE SOURCE: Endocrinology Unit, Department of Medical Sciences, 

Western General Hospital, University of Edinburgh, 

Edinburgh, EH4 2XU, UK 
SOURCE- Journal of Clinical Endocrinology and Metabolism 

(2003), 88(1), 285-291 

CODEN: JCEMAZ; ISSN: 0021-972X 
PUBLISHER: Endocrine Society 

DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB llp-Hydroxysteroid dehydrogenase type 1 (lip-HSDl) regenerates 

Cortisol from inactive cortisone in liver and adipose tissue. Inhibition 
of llp-HSDl offers a novel potential therapy to lower intracellular 
Cortisol concns. and thereby enhance insulin sensitivity and hepatic lipid 
catabolism in type 2 diabetes, obesity, and hyper lipidemia. We 
evaluated this approach using the nonselective llp-HSD inhibitor, 
carbenoxolone, in healthy men and lean male patients with type 2 diabetes. 
Six diet -controlled nonobese diabetic patients with Hb Ale less than 8%, 
and six matched controls participated in a double-blind, cross -over 
comparison of carbenoxolone (100 mg every 8 h, orally, for 7 d) and 
placebo. They were admitted overnight for infusions of insulin (as 
required to maintain arterialized plasma glucose of 5.0 mM) and 
[13C6] glucose. Glucose kinetics were measured in the fasted state from 
0700-0730 h, during a 3-h euglycemic hyperinsulinemic clamp (including 
somatostatin infusion and replacement of physiol. GH and glucagon levels), 
and during a 2-h euglycemic hyperinsulinemic clamp with a 4 -fold increase 
in glucagon levels. Data are the mean ± SEM. Carbenoxolone had the 
expected effects of raising blood pressure and lowering plasma potassium. 
Carbenoxolone reduced total cholesterol in healthy subjects (5.25±0.34 
vs. 4.78+0.40 mM; P < 0.01), but had no effect on other serum lipids or 
on cholesterol in diabetic patients. Carbenoxolone did not affect the 
rate of glucose disposal or the suppression of free fatty acids during 
hyperinsulinemia. However, carbenoxolone reduced the glucose production rate 


during hyperglucagonemia in diabetic patients (1.90+0.2 vs. 1.53±0.3 
mg/kg-min; P < 0.05). This was attributable to reduced 
glycogenoiysis (1.31±0.2 vs. 1.01±0.2 mg/kg-min; P < 0.005) 
rather than altered gluconeogenesis . These observations reinforce the 
potential metabolic benefits of inhibiting llp-HSDl in the liver of 
patients with type 2 diabetes. Further studies in obesity and 
hyper lipidemia are now warranted. However, clin. useful therapeutic 
effects will probably require selective llp-HSDl inhibitors that 
lower intraadipose Cortisol levels and enhance peripheral glucose uptake. 
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llp-Hydroxysteroid dehydrogenase type 1 
(lip-HSDl) -lowering agents for lipid profile 
modulation 

Morton, Nicholas Michael; Seckl, Jonathan Robert; 
Walker, Brian Robert; Andrew, Ruth 
The University of Edinburgh, UK 
PCT Int. Appl., 95 pp. 
CODEN: PIXXD2 
Patent 
English 
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AB The invention provides use of an agent which lowers levels of 

llp-HSDl in the manufacture of a composition for the promotion of an 
atheroprotective lipid profile. Agents useful in the invention incl 
e.g. carbenoxolone . 


lude 
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Glucocorticoids , lip- hydroxys teroid 
dehydrogenase, and fetal programming 

Seckl, Jonathan R.; Cleasby, Mark; Nyirenda, Moffat J. 
Molecular Medicine Center, Western General Hospital, 
University of Edinburgh, Edinburgh, UK 


SOURCE- Kidney International (2000), 57(4), 1412-1417 

CODEN: KDYIA5; ISSN: 0085-2538 
PUBLISHER: Blackwell Science, Inc. 

DOCUMENT TYPE: Journal; General Review 

LANGUAGE: English . ^ 

AB A review, with 74 refs. Epidemiol, studies in many distinct human 
populations have associated low weight or thinness at birth with a 

substantially . n 

increased risk of cardiovascular and metabolic disorders, including 
hypertension and insulin resistance/ type 2 diabetes, 

in adult life. The concept of fetal "programming" has been advanced to 
explain this phenomenon. Prenatal glucocorticoid therapy reduces 
birthweight, and steroids are known to exert long-term organizational 
effects during specific "windows" of development. Therefore, the authors 
hypothesized that fetal overexposure to endogenous glucocorticoids might 
underpin the link between early life events and later disease. In rats, 
birthweight is reduced following prenatal exposure to the synthetic 
glucocorticoid dexamethasone , which readily crosses the placenta, or to 
carbenoxolone, which inhibits lip-hydroxysteroid dehydrogenase type 2 
(11P-HSD2), the physiol. fetoplacental "barrier" to endogenous 
glucocorticoids. Although the offspring regain the weight deficit by 
weaning, as adults they exhibit permanent hypertension, hyperglycemia, and 
increased hypothalamic-pituitary-adrenal axis activity. Moreover, 
physiol. variations in placental 11P-HSD2 activity near term 
correlate directly with fetal weight In humans, lip-HSD2 gene mutations 
produce a low birthweight, and some studies show reduced placental 
11P-HSD2 activity in association with intrauterine growth retardation. 
Moreover, low birthweight babies have higher plasma Cortisol levels 
throughout adult life, indicating that hypothalamic-pituitary-adrenal axis 
programming also occurs in humans. The mol. mechanisms of glucocorticoid 
programming are beginning to be unraveled and involve permanent and 
tissue-specific changes in the expression of key genes, notably of the 
glucocorticoid receptor itself. Thus, glucocorticoid programming may 
explain, in part, the association between fetal events and subsequent 
disorders in adult life. 
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DOCUMENT NUMBER: 132:274485 

TITLE: In the search for specific inhibitors of human 

lip-hydroxysteroid-dehydrogenases 
(llp-HSDs) : chenodeoxycholic acid selectively 
inhibits llp-HSD-I 

AUTHOR(S): Diederich, S . ; Grossmann, C. ; Hanke, B.; Quinkler, M.; 

Herrmann, M.; Bahr, V.; Oelkers, W. 
CORPORATE SOURCE: Department of Endocrinology, Klinikum Benjamin 

Franklin, Freie Universitat Berlin, Berlin, 12200, 

Germany 

SOURCE: European Journal of Endocrinology (2000), 142(2), 

200-207 

CODEN: EJOEEP; ISSN: 0804-4643 
PUBLISHER: BioScientif ica 

DOCUMENT TYPE: Journal 

LANGUAGE: English ^ ^ ^ 

AB Objective: Selective inhibitors of lip- hydroxys terpid- dehydrogenase 
type I may be of therapeutical interest for two reasons: (i) 
9a-fluorinated 11-dehydrosteroids like 11 -dehydro- dexamethasone 
(DH-D) are rapidly activated by human kidney llp-hydroxysteroid- 
dehydrogenase type II (lip-HSD-II) to dexamethasone (D) , if the same 
reaction by hepatic lip-HSD-I could be selectively inhibited, DH-D 
could be used for selective renal immunosuppressive therapy; and (ii) 
reduction of cortisone to Cortisol in the liver may increase insulin 
resistance in type 2 diabetes mellitus, and inhibition of the 


enzyme may lead to a decrease in gluconeogenesis . Therefore, we 

characterized the metabolism of DH-D by human hepatic lip-HSD-I and tried 

to find a selective inhibitor of this isoenzyme. Methods: For kinetic 

anal, of llp-HSD-I, we used microsomes prepared from unaffected parts 

of liver segments, resected because of hepatocarcinoma or metastatic 

disease. For inhibition expts., we also tested llp-HSD-II activity 

with human kidney cortex microsomes. The inhibitory potency of several 

compds. was evaluated for oxidation and reduction in concns. from 10-9 to 10-5 

mol/L. Results: Whereas D was not oxidized by human liver microsomes at 

all, Cortisol was oxidized to cortisone with a maximum velocity (Vmax) of 95 

pmoi/mg per min. The reduction of DH-D to D (Vmax = 742 pmol/mg per min, 

Michaelis-Menten constant (Km) =1.6 |amol/L) was faster than that of 

cortisone to Cortisol (Vmax = 187 pmol/mg per min) . All reactions tested 

in liver microsomes showed the characteristics of lip-HSD-I: Km 

values in the micromolar range, preferred cosubstrate NADP(H), no product 

inhibition. Of the substances tested for inhibition of lip-HSD-I and 

-II, chenodeoxycholic acid was the only one that selectively inhibited 

llp-HSD-I (IC50 for reduction: 2.8 + 10-6 mol/L, IC50 for oxidation: 

4.4 + 10-6 mol/L), whereas ketoconazole preferentially inhibited 

oxidation and reduction reactions catalyzed by lip-HSD-II. Metyrapone, 

which is reduced to metyrapol by hepatic lip-HSD-I, inhibited steroid 

reductase activity of lip-HSD-I and -II and oxidative activity of 

llp-HSD-II. These findings can be explained by substrate competition 

for reductase reactions and by product inhibition of the oxidation, which is 

a well-known characteristic of lip-HSD-II. Conclusions: Our in vitro 

results may offer a new concept for renal glucocorticoid targeting. Oral 

administration of small amts. of DH-D (low substrate affinity for 

llp-HSD-I) in combination with chenodeoxycholic acid (selective 

inhibition of lip-HSD-I) may prevent hepatic first pass reduction of 

DH-D, thus allowing selective activation of DH-D to D by the high affinity 

llp-HSD-II in the kidney. Moreover, selective inhibitors of the 

hepatic lip-HSD-I, like chenodeoxycholic acid, may become useful in 

the therapy of patients with hepatic insulin resistance 

including diabetes mellitus type II, because Cortisol enhances 

gluconeogenesis . 
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123:330300 

Carbenoxolone increases hepatic insulin sensitivity in 
man: a novel role for 11-oxosteroid reductase in 
enhancing glucocorticoid receptor activation 
Walker, Brian R.; Connacher, Alan A.; Lindsay, R. 
Mark; Webb, David J.; Edwards, CHristopher R. W. 
Department of Medicine, University Edinburgh, 
Edinburgh, EH4 2XU, UK 

Journal of Clinical Endocrinology and Metabolism 
(1995), 80(11), 3155-9 
CODEN: JCEMAZ; ISSN: 0021-972X 
Endocrine Society 
Journal 
English 

In the kidney, conversion of Cortisol to cortisone by the enzyme 
llp-hydroxysteroid dehydrogenase protects mineralocorticoid receptors 
from Cortisol. In the liver, a different isoform of the enzyme favors 
llp-reductase conversion of cortisone to Cortisol. The authors have 
tested the hypothesis that hepatic lip-reductase enhances 
glucocorticoid receptor activation in the liver by inhibiting the enzyme 
with carbenoxolone and observing effects on insulin sensitivity. Seven 
healthy males took part in a double blind randomized cross-over study in 
which oral carbenoxolone (100 mg every 8 h) or placebo was administered 
for 7 days. Euglycemic hyperinsulinemic clamp studies were then 
performed, including measurement of forearm glucose uptake. 


Carbenoxolone 
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CN Pregn-4-ene-3,20-dione, 11, 17, 21-trihydroxy-, (lip)- (9CI) (CA INDEX 
NAME) 

OTHER CA INDEX NAMES: 
CN Cortisol (801) 
OTHER NAMES: 

CN lip, 17, 21- Tr ihydroxypregn - 4 - ene -3,20 - dione 

CN lip, 17 , 21-Trihydroxyprogesterone 

CN lip, 17a, 21-Trihydroxypregn-4-ene-3,20-dione 

CN lip-Hydroxycortisone 

CN 17 -Hydroxycorticosterone 

CN l7a-Hydroxycorticosterone 

CN 28: PN: US20030109453 SEQID : 27 claimed sequence 
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Effects of the lip- hydroxys teroid dehydrogenase 
inhibitor carbenoxolone on insulin sensitivity in men 
with type 2 diabetes 

Andrews, Robert C; Rooyackers, Olav; Walker, Brian R. 
Endocrinology Unit, Department of Medical Sciences, 
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Mvar.: English 

IIB-Hydroxysteroid dehydrogenase type 1 (llp-HSDl) regenerates 
Cortisol from inactive cortisone in liver and adipose tissue. Inhibition 
of llp-HSDl offers a novel potential therapy to lower intracellular 
Cortisol concns. and thereby enhance insulin sensitivity and hepatic lipid 
catabolism in type 2 diabetes, obesity, and hyperlipidemia . We 
evaluated this approach using the nonselective llp-HSD inhibitor, 
carbenoxolone, in healthy men and lean male patients with type 2 diabetes. 
Six diet-controlled nonobese diabetic patients with Hb Ale less than 8%, 
and six matched controls participated in a double-blind, cross-over 
comparison of carbenoxolone (100 mg every 8 h, orally, for 7 d) and 
placebo. They were admitted overnight for infusions of insulin (as 
required to maintain arterialized plasma glucose of 5.0 mM) and 


SOURCE 


PUBLISHER: 
DOCUMENT TYPE: 
LANGUAGE 
AB 


[13C6] glucose. Glucose kinetics were measured in the fasted state from 
0700-0730 h, during a 3-h euglycemic hyperinsulinemic clamp (including 
somatostatin infusion and replacement of physiol. GH and glucagon levels), 
and during a 2-h euglycemic hyperinsulinemic clamp with a 4 -fold increase 
in glucagon levels. Data are the mean + SEM. Carbenoxolone had the 
expected effects of raising blood pressure and lowering plasma potassium. 
Carbenoxolone reduced total cholesterol in healthy subjects (5.25±0.34 
vs. 4.78±0.40 mM; P < 0.01), but had no effect on other serum lipids or 
on cholesterol in diabetic patients. Carbenoxolone did not affect the 
rate of glucose disposal or the suppression of free fatty acids during 
hyperinsulinemia. However, carbenoxolone reduced the glucose production rate 
during hyperglucagonemia in diabetic patients (1.90±0.2 vs. 1.53±0.3 
mg/kg-min; P < 0.05). This was attributable to reduced 
glycogenolysis (1.31±0.2 vs. 1.01±0.2 mg/kg-min; P < 0.005) 
rather than altered gluconeogenesis . These observations reinforce the 
potential metabolic benefits of inhibiting llp-HSDl in the liver of 
patients with type 2 diabetes. Further studies in obesity and 
hyper lipidemia are now warranted. However, clin. useful therapeutic 
effects will probably require selective llp-HSDl inhibitors that 
lower intraadipose Cortisol levels and enhance peripheral glucose uptake. 
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AB A review, with 74 refs. Epidemiol, studies in many distinct human 
populations have associated low weight or thinness at birth with a 

substantially . ^ . •, ^ . 

increased risk of cardiovascular and metabolic disorders, including 
hypertension and insulin resistance/ type 2 diabetes, 

in adult life. The concept of fetal "programming" has been advanced to 
explain this phenomenon. Prenatal glucocorticoid therapy reduces 
birthweight, and steroids are known to exert long-term organizational 
effects during specific "windows" of development. Therefore, the authors 
hypothesized that fetal overexposure to endogenous glucocorticoids might 
underpin the link between early life events and later disease. In rats, 
birthweight is reduced following prenatal exposure to the synthetic 
glucocorticoid dexamethasone , which readily crosses the placenta, or to 
carbenoxolone, which inhibits llp-hydroxysteroid dehydrogenase type 2 
(llp-HSD2) , the physiol. fetoplacental "barrier" to endogenous 
glucocorticoids. Although the offspring regain the weight deficit by 
weaning, as adults they exhibit permanent hypertension, hyperglycemia, and 
increased hypothalamic -pituitary-adrenal axis activity. Moreover, 
physiol. variations in placental lip-HSD2 activity near term 
correlate directly with fetal weight In humans, llp-HSD2 gene mutations 
produce a low birthweight, and some studies show reduced placental 
11P-HSD2 activity in association with intrauterine growth retardation. 
Moreover, low birthweight babies have higher plasma Cortisol levels 
throughout adult life, indicating that hypothalamic -pituitary- adrenal axis 
programming also occurs in humans. The mol . mechanisms of glucocorticoid 
programming are beginning to be unraveled and involve permanent and 
tissue-specific changes in the expression of key genes, notably of the 
glucocorticoid receptor itself. Thus, glucocorticoid programming may 
explain, in part, the association between fetal events and subsequent 
disorders in adult life. 
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AB Objective: Selective inhibitors of llp-hydroxysteroid-dehydrogenase 
type I may be of therapeutical interest for two reasons: (i) 
9a-f luorinated 11-dehydrosteroids like 11-dehydro-dexamethasone 
(DH-D) are rapidly activated by human kidney lip-hydroxysteroid- 
dehydrogenase type II (llp-HSD-II) to dexamethasone (D) , if the same 
reaction by hepatic lip-HSD-I could be selectively inhibited, I>H-D 
could be used for selective renal immunosuppressive therapy; and (ii) 
reduction of cortisone to Cortisol in the liver may increase insulin 
resistance in type 2 diabetes mellitus, and inhibition of the 
enzyme may lead to a decrease in gluconeogenesis . Therefore, we 
characterized the metabolism of DH-D by human hepatic llp-HSD-I and tried 
to find a selective inhibitor of this isoenzyme. Methods: For kinetic 
anal, of llp-HSD-I, we used microsomes prepared from unaffected parts 
of liver segments, resected because of hepatocarcinoma or metastatic 
disease. For inhibition expts . , we also tested llp-HSD-II activity 
with human kidney cortex microsomes. The inhibitory potency of several 
compds. was evaluated for oxidation and reduction in concns. from 10-9 to 10-5 
mol/L. Results: Whereas D was not oxidized by human liver microsomes at 
all, Cortisol was oxidized to cortisone with a maximum velocity (Vmax) of 95 
pmoi/mg per min. The reduction of DH-D to D (Vmax = 742 pmol/mg per min, 
Michaelis-Menten constant (Km) = 1.6 ^mol/L) was faster than that of 
cortisone to Cortisol (Vmax = 187 pmol/mg per min) . All reactions tested 
in liver microsomes showed the characteristics of lip-HSD-I: Km 
values in the micromolar range, preferred cosubstrate NADP(H), no product 
inhibition. Of the substances tested for inhibition of llp-HSD-I and 
-II, chenodeoxycholic acid was the only one that selectively inhibited 
lip-HSD-I (ICSO for reduction: 2.8 + 10-6 mol/L, IC50 for oxidation: 
4.4 + 10-6 mol/L), whereas ketoconazole preferentially inhibited 
oxidation and reduction reactions catalyzed by lip-HSD-II. Metyrapone, 
which is reduced to metyrapol by hepatic lip-HSD-I, inhibited steroid 
reductase activity of lip-HSD-I and rll and oxidative activity of 
lip-HSD-II. These findings can be explained by substrate competition 
for reductase reactions and by product inhibition of the oxidation, which* is 
a well-known characteristic of llp-HSD-II. Conclusions: Our in vitro 
results may offer a new concept for renal glucocorticoid targeting. Oral 
administration of small amts. of DH-D (low substrate affinity for 
lip-HSD-I) in combination with chenodeoxycholic acid (selective 
inhibition of llp-HSD-I) may prevent hepatic first pass reduction of 
DH-D, thus allowing selective activation of DH-D to D by the high affinity 
lip-HSD-II in the kidney. Moreover, selective inhibitors of the 
hepatic lip-HSD-I, like chenodeoxycholic acid, may become useful in 
the therapy of patients with hepatic insulin resistance 
including diabetes mellitus type II, because Cortisol enhances 
gluconeogenesis . 
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AB The authors provide a composition comprising a first agent which is an 
antagonist of lip - hydroxys teroid 

dehydrogenase type 1 (llp-HSDl) , together with a second agent 
comprising a diuretic. The second agent may comprise a mol. which is 
capable of modulating an interaction between the first agent and 
11P-HSD2. Such a composition may be used for improving cognitive ability 
of an individual, specifically verbal fluency or verbal memory or logical 
memory (or any combination thereof) , or for treatment of Mild Cognitive 
Impairment (MCI) . 
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dehydrogenase type 1 a therapeutic target? 
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adipose tissue, lip -hydroxys teroid 


dehydrogenase type 1 (llp-HSDl) regenerates glucocorticoids 

from inactive 11-keto metabolites. Pharmacol, inhibition or transgenic 

disruption of lip-HSDl attenuates glucocorticoid action and increases 

insulin sensitivity. Increased adipose lip-HSDl may also contribute 

to the metabolic complications of obesity. Here, we examine the 

effects of inhibition of lip-HSDs with carbenoxolone in obese 

insulin-resistant Zucker rats, a strain in which tissue-specific 

dysregulation of llp-HSDl (increased in adipose, decreased in liver) 

mirrors changes in human obesity. Six-week-old male rats were 

treated orally with carbenoxolone (50 mg/kg/day) or water (1 mL/kg/day) 

for 3 wk. Carbenoxolone inhibited llp-HSDl activity in liver 

(25+3 vs. 52±2% conversion in lean; 18±3 vs. 35±3% in obese; p 

< 0.01) but not in adipose tissue or skeletal muscle. Carbenoxolone had 

no effect on weight gain or food intake, did not affect plasma glucose during 

an oral glucose tolerance test, and increased the plasma insulin response 

to glucose. However, high-d. lipoprotein cholesterol was increased by 

carbenoxolone in obese animals (1.52±0.24 vs. 1.21±0.26 mM; p < 

0.03). Carbenoxolone did not inhibit hepatic inactivation of 

glucocorticoid by sp-reductase and had no significant effect on 

plasma corticosterone levels. In conclusion, carbenoxolone provides a 

model for liver -specific inhibition of llp-HSDl, which results in 

improved lipid profile, in Zucker obese rats. Failure to inhibit 

llp-HSDl in adipose tissue and/or skeletal muscle may explain the 

lack of effect on glucose tolerance and obesity. Inhibition of 

adipose lip-HSDl is probably necessary to gain the maximum benefit of an 

lip-HSDl inhibitor. 
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AB lip -Hydroacy steroid dehydrogenase type 1 

(llp-HSDl) regenerates Cortisol from inactive cortisone in liver and 
adipose tissue. Inhibition of llp-HSDl offers a novel potential 
therapy to lower intracellular Cortisol concns. and thereby enhance 
insulin sensitivity and hepatic lipid catabolism in type 2 diabetes, 
obesity, and hyperlipidemia . We evaluated this approach using the 
nonselective lip-HSD inhibitor, carbenoxolone, in healthy men and 
lean male patients with type 2 diabetes. Six diet-controlled nonobese 
diabetic patients with Hb Ale less than 8%, and six matched controls 
participated in a double-blind, cross-over comparison of carbenoxolone 
(100 mg every 8 h, orally, for 7 d) and placebo. They were admitted 
overnight for infusions of insulin (as required to maintain arterialized 
plasma glucose of 5.0 mM) and [13C6] glucose . Glucose kinetics were 
measured in the fasted state from 0700-0730 h, during a 3-h euglycemic 
hyperinsulinemic clamp (including somatostatin infusion and replacement of 
physiol. GH and glucagon levels), and during a 2-h euglycemic 
hyperinsulinemic clamp with a 4-fold increase in glucagon levels.^ Data 
are the mean ± SEM. Carbenoxolone had the expected effects of raising 
blood pressure and lowering plasma potassium. Carbenoxolone reduced total 


cholesterol in healthy subjects (5.25+0.34 vs. 4.78±0.40 mM; P < 
0 01) , but had no effect on other serum lipids or on cholesterol m 
diabetic patients. Carbenoxolone did not affect the rate of glucose 
disposal or the suppression of free fatty acids during hyperinsulinemia. 
However, carbenoxolone reduced the glucose production rate during 
hyperglucagonemia in diabetic patients (1.90±0.2 vs. 1.53±0.3 
mg/kg-min; P < 0.05). This Was attributable to reduced 
glycogenolysis (1.31±0.2 vs. 1.01±0.2 mg/kg-min; P < 0.005) 
rather than altered gluconeogenesis . These observations reinforce the 
potential metabolic benefits of inhibiting llp-HSDl in the liver of 
patients with type 2 diabetes. Further studies in obesity and 
hyperlipidemia are now warranted. However, clin. useful therapeutic 
effects will probably require selective llp-HSDl inhibitors that 
lower intraadipose Cortisol levels and enhance peripheral glucose uptake. 
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AB A review with 74 refs. Epidemiol, studies in many distinct human 
populations have associated low weight or thinness at birth with a 

substantially^ risk of cardiovascular and metabolic disorders, including 
hypertension and insulin resistance/type 2 diabetes, 

in adult life. The concept of fetal "programming" has been advanced to 
explain this phenomenon. Prenatal glucocorticoid therapy reduces 
birthweight, and steroids are known to exert long-term organizational 
effects during specific "windows" of development. Therefore, the authors 
hypothesized that fetal overexposure to endogenous glucocorticoids might 
underpin the link between early life events and later disease. In rats, 
birthweight is reduced following prenatal exposure to the synthetic 
glucocorticoid dexamethasone , which readily crosses the placenta, or to 
carbenoxolone, which inhibits lip -hydroxysteroid 
dehydrogenase type 2 {llp-HSD2), thephysiol. fetoplacental 
"barrier" to endogenous glucocorticoids. Although the offspring regain 
the weight deficit by weaning, as adults they exhibit permanent hypertension, 
hyperqlycemia, and increased hypothalamic-pituitary-adrenal axis activity. 
Moreover, physiol. variations in placental llp-HSD2 activity near 
term correlate directly with fetal weight In humans, llp-HSD2 gene 
mutations produce a low birthweight, and some studies show reduced 
placental llp-HSD2 activity in association with intrauterine growth 
retardation Moreover, low birthweight babies have higher plasma Cortisol 
levels throughout adult life, indicating that hypothalamic -pituitary- 
adrenal axis programming also occurs in humans. The mol . mechanisms of 
qlucocorticoid programming are beginning to be unraveled and involve 
permanent and tissue-specific changes in the expression of key genes, 
notably of the glucocorticoid receptor itself. Thus, glucocorticoid 
programming may explain, in part, the association between fetal events and 
subseauent disorders in adult life. 
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AB Objective: Selective inhibitors of 11(3 - 

hydroxysteroid-dehydrogenase type I may be of 


therapeutical interest for two reasons: (i) 9a-f luorinated 
11-dehydrosteroids like ll-dehydro-dexamethasone (DH-D) are rapidly 
activated by human kidney 11(3 -hydroxysteroid- 
dehydrogenase type II (llp-HSD-II) to dexamethasone (D) , if 
the same reaction by hepatic llp-HSD-I could be selectively 
inhibited DH-D could be used for selective renal immunosuppressive 
therapy; and (ii) reduction of cortisone to Cortisol in the liver may increase 
insulin' resistance in type 2 diabetes mellitus, and 
inhibition of the enzyme may lead to a decrease in gluconeogenesis . 
Therefore, we characterized the metabolism of DH-D by human hepatic 
IIB-HSD-I and tried to find a selective inhibitor of this isoenzyme. 
Methods: For kinetic anal, of lip-HSD-I, we used microsomes prepared 
from unaffected parts of liver segments, resected because of 
hepatocarcinoma or metastatic disease. For inhibition expts., we also 
tested llp-HSD-II activity with human kidney cortex microsomes. The 
inhibitory potency of several compds. was evaluated for oxidation and reduction 
in concns from 10-9 to 10-5 mol/L. Results: Whereas D was not oxidized 
by human liver microsomes at all, Cortisol was oxidized to cortisone with 
a maximum velocity (Vmax) of 95 pmol/mg per min. The reduction of DH-D to D 
(Vmax = 742 pmol/mg per min, Michaelis-Menten constant (Km) = 1.6 nmol/L) 
was faster than that of cortisone to Cortisol (Vmax = 187 pmol/mg per 
min) . All reactions tested in liver microsomes showed the characteristics 
of llp-HSD-I: Km values in the micromolar range, preferred 
cosubstrate NADP(H), no product inhibition. Of the substances tested for 
inhibition of llp-HSD-I and -II, chenodeoxycholic acid was the only 
one that selectively inhibited lip-HSD-I (IC50 for reduction: 2.8 + 
10-6 mol/L, IC50 for oxidation: 4.4 + 10-6 mol/L), whereas ketoconazole 
preferentially inhibited oxidation and reduction reactions catalyzed by 
lip-HSD-II. Metyrapone, which is reduced to metyrapol by hepatic 
llp-HSD-I, inhibited steroid reductase activity of lip-HSD-I and 
-II and oxidative activity of llp-HSD-II. These findings can be 
explained by substrate competition for reductase reactions and by product 
inhibition of the oxidation, which is a well-known characteristic of 
lip-HSD-II. Conclusions: Our in vitro results may offer a new 
concept for renal glucocorticoid targeting. Oral administration of small 
amts of DH-D (low substrate affinity for llp-HSD-I) in combination 
with chenodeoxycholic acid (selective inhibition of lip-HSD-I) may 
prevent hepatic first pass reduction of DH-D, thus allowing selective 
activation of DH-D to D by the high affinity llp-HSD-II in the 
kidney Moreover, selective inhibitors of the hepatic llp-HSD-I, 
like chenodeoxycholic acid, may become useful in the therapy of patients 
with hepatic insulin resistance including diabetes 
mellitus type II, because Cortisol enhances gluconeogenesis. 
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AB In the kidney, conversion of Cortisol to cortisone by the enzyme 11. 
beta.- hydroxys teroid dehydrogenase protects 

mineralocorticoid receptors from Cortisol. In the liver, a different 


isoform of the enzyme favors lip-reductase conversion of cortisone to 
Cortisol. The authors have tested the hypothesis that hepatic 
116-reductase enhances glucocorticoid receptor activation in the 
liver by inhibiting the enzyme with carbenoxolone and observing effects on 
insulin sensitivity. Seven healthy males took part in a double blind 
randomized cross-over study in which oral carbenoxolone (100 mg every 8 h) 
or placebo was administered for 7 days. Euglycemic hyperinsulinemic clamp 
studies were then performed, including measurement of forearm glucose 
uptake Carbenoxolone increased whole body insulin sensitivity (M values 
for dextrose infusion rates, 41.1 ^imol/kg.min for placebo vs. 44.6 for 
carbenoxolone) , but had no effect on forearm insulin sensitivity. The 
authors infer that carbenoxolone, by inhibiting hepatic llp-reductase 
and reducing intrahepatic Cortisol concentration, increases hepatic insulin 
sensitivity and decreases glucose production Thus, plasma cortisone provides 
an inactive pool that can be converted to active glucocorticoids at sites 
where lip-reductase is expressed, abnormal hepatic llp-reductase 
activity might be important in syndromes of insulin 
resistance, and manipulation of hepatic lip-reductase may be 
useful in treating insulin resistance. 
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